Diffuse large B-cell lymphomas (DLBCL) are a biologically and clinically heterogeneous entity. Although some DLBCL represent transformation of follicular lymphomas (FL), the proportion that is of follicular center cell (FCC) origin remains uncertain. Immunophenotypic and genotypic markers used to suggest a FCC origin for a lymphoma (bcl-6 and CD10 expression, lack of CD138 expression, bcl-2 rearrangements [R]) or to subdivide DLBCL (bcl-2 expresssion, bcl-6 R) were therefore investigated in 22 FL and 44 DLBCL using paraffin section immunostains and Southern blot/polymerase chain reaction analysis. All FL tested were bcl-6؉ (19) and CD138؊ (22) with 16/19 also bcl-2 and CD10؉ (classic phenotype), one bcl2؉, CD10؊ (grade III) and two bcl2؊, CD10؉ (grade II or III). Bcl-2R was identified in 4/5 FL-GrI, 3/6 FL-GrII, and 1/3 FL-GrIII. Bcl-6R was found in 0/5, 2/4, and 0/3 FL, respectively. All but 3/41 DLBCL were bcl-6؉ with 17/37 also bcl-2؉ and CD10؉. Three of these cases were also CD138؉. Twelve bcl-6؉ cases were bcl-2؉, CD10؊, six bcl-2؊, CD10؉, and two bcl-2؊, CD10؊. The three bcl-6؊ cases were bcl-2؉, CD138؊ and two were CD10؉. Bcl-2R was identified in 5/27 DLBCL with 4/5 bcl-2؉, 3/4 tested CD10؉ and 4/4 bcl-6؉. Bcl-6R was identified in 7/26 including three with a classic FL phenotype. The vast majority of DLBCL in this study have an immunophenotype that supports a FCC origin. Although the proportion of DLBCL that co-expressed bcl-6, CD10 and bcl-2 was lower than for the FL, absence of bcl-2 or CD10 may be associated with higher grade FL. It is also possible that bcl-6 expression is not completely specific for a FCC origin. Only a minority of cases suggested postfollicular differentiation. Only a minority of DLBCL show bcl-2R, suggesting that many have a different molecular pathogenesis than most low-grade FL. Bcl-6R did not exclude a FCC origin.
nized in the most recent classifications. Although the older literature is filled with conflicting studies, recent investigations using strict criteria have demonstrated centroblastic (LNC FCC) lymphomas to have a better prognosis than immunoblastic lymphomas, a distinction even made in the National Cancer Institute working formulation but with imprecise criteria (4 -6) . From a biologic perspective, one of the major ways in which the B-cell lymphomas are divided is whether they are of prefollicular origin (e.g., mantle cell lymphomas), follicular origin (the FCC lymphomas), or postfollicular origin (probably the marginal zone lymphomas). Immunophenotypic methods have played an important role in the categorization of B-cell lymphomas into those of FCC or non-FCC origin because there are antigens that, even if not completely specific, characterize FCC as well as pre-and post-FCC. CD10 is expressed by precursor B cells as well as normal and many neoplastic FCC (7) (8) (9) (10) (11) (12) (13) . Bcl-2 protein expression is another characteristic feature of neoplastic follicular centers, although there are many other normal and neoplastic bcl-2-positive lymphoid cells (14 -24) . More recently, bcl-6 expression (which characterizes FCC) and CD138 (syndecan) (which is a plasma-cell-associated antigen) have been used to divide the HIV-associated lymphomas into those of follicular origin (bcl-6ϩ/CD138Ϫ) and those of postfollicular origin (bcl-6Ϫ/CD138ϩ) (25) . Genotypic studies are also important in categorizing and understanding these lymphomas. Bcl-2 rearrangements are a genotypic feature strongly associated with follicular lymphomas and also reported in less than 10 to 40% of DLBCL often without knowledge of whether they have other FCC characteristics (22, 26 -34) . DLBCL have also been subdivided based on whether they have bcl-6 rearrangements with possible clinical and prognostic implications but without known implications as to their cell of origin (28, 30, (35) (36) (37) (38) (39) (40) (41) (42) (43) . Previous studies have investigated these immunophenotypic and genotypic markers in DLCBL but, to the best of our knowledge, all of them have not been used together in a single study. The concept of using clusters of gene expression to subdivide and characterize the DLBCL is highlighted in the very recent study of DLBCL using DNA microarrays (44) . This study revealed two similarly sized prognostically different subgroups, one in which the cells have a gene expression pattern of germinal center cells and others that express genes associated with in vitro activation of peripheral blood B cells.
A multiparameter phenotypic and genotypic investigation was therefore undertaken to determine how many DLBCL not known to be associated with HIV infection seem to be of FCC origin and also to investigate how the different FCC and follicular lymphoma markers correlate with one another. In addition to CD10, bcl-6, bcl-2, and CD138 immunostains and Southern blot analysis for bcl-2 rearrangements, Southern blot analysis for bcl-6 rearrangements was performed because, as noted above, they have also been used to subdivide the DLBCL into two major groups. The results for the DLBCL were compared with those for a group of follicular lymphoma (FL) of varying grades.
MATERIALS AND METHODS

Case Selection
Cases of FL and diffuse DLBCL diagnosed between 1996 and1998 were identified by searching the medical archival retrieval system (MARS) at UPMC-Montefiore/Presbyterian Hospitals. An attempt was made in particular to find FL lacking CD10 or bcl-2 protein expression. Patients that were known to be HIV-positive were excluded from the study. Among the patients with DLBCL, one had a previous FL; one a history of an indolent lymphoma not otherwise specified; one a history of Hashimoto's thyroiditis; one a history of an "abnormal immune response"; six previous DLBCL; two a definite or probable previous lymphoma, not otherwise specified; and two biopsies were from the same patient. Histologic sections were reviewed in all cases together with any preexisting immunophenotypic data and the cases classified according to the REAL classification system (1). Cases were originally classified using the Lukes/Collins classification (data not shown) (45) . Only two of the DLBCL showed immunoblastic features and one anaplastic large cell features. Some of the follicular lymphomas were included in a previous study of small B-cell lymphomas (9) .
Immunohistochemistry
Paraffin section immunohistochemistry stains were performed on deparaffinized formalin (55 cases) or B5 fixed tissue sections (11 cases) using CD20, CD3, CD10, bcl-2, bcl-6, and CD138 antibodies and a streptavidin-biotin-peroxidase technique with the Ventana Immunostainer (Ventana Medical Systems, Tucson, AZ, USA), a biotin-Vector Elite ABC with the Cadenza Immunostainer (Shandon, Pittsburgh, PA) or a manual avidin-biotin complex method as summarized in Table 1 . Antibodies were incubated for 1 hour using the latter method. Some antibodies required antigen retrieval by microwave heat and/or enzyme pretreatment. B5-fixed blocks were used only in cases where formalin-fixed blocks were not available.
CD20 and CD3 stains were tabulated as positive or negative without any equivocal cases. Bcl-6 was considered positive only when there was nuclear staining in Ն 20% of what were considered to be the neoplastic cells. Cases with only cytoplasmic staining were considered negative. Some cases that were CD10 negative did show extensive reticular staining and/or granular cytoplasmic staining. CD138 was considered positive only when there was strong surface staining similar to that of plasma cells. Some of the negative cases showed weak or equivocal cytoplasmic or Golgi-type positivity or scattered positive plasma cells. One FL had stronger cytoplasmic staining. CD138 also showed positivity in other non-neoplastic cells, including some epithelial cells and histiocytes.
Cell Suspension Immunophenotypic Studies
Flow cytometric immunophenotypic studies (FCIPS) had been previously performed on 22 FL and 34 DLBCL cell suspensions using methods similar to those previously reported (9) . The CD10 results (obtained from a tube also containing CD5 and CD19 antibodies) were compared with those from the paraffin section immunostains in cases where the flow cytometric immunophenotypic studies clearly identified the neoplastic B-cell population.
Molecular Genotypic Studies
Genotypic studies for immunoglobulin heavy chain (IgH), bcl-2, bcl-6, and, in one case, c-myc rearrangement were performed on DNA prepared from fresh or frozen samples when available. These studies included Southern blot analysis for rearrangements involving IgH, bcl-2, bcl-6, and c-myc, and in many cases polymerase chain reaction (PCR) for rearrangements at IgH or bcl-2 (major breakpoint) loci. Southern blot studies employed probes directed at the J region of the IgH locus, major and minor breakpoint regions of bcl-2, the translocation region of bcl-6, and exon 2 of c-myc. Three cases lacking an IgH rearrangement were excluded from further analyses because the DNA preparations were considered potentially nonrepresentative. In all but two cases with bcl-2 results reported, Southern blot analysis with or without PCR analysis was performed (one positive and one negative DLBCL studied only by PCR). Two of the bcl-2 rearrangements found involved the minor breakpoint region (both FL).
Genomic DNA was isolated from specimens by proteinase K digestion and extraction with phenol and chloroform. DNA (5 g) was digested under conditions recommended by the supplier (New England BioLabs, Beverly, MA, USA) with restriction enzymes BglII and BamHI (IgH), PstI and BamHI (bcl-2), BamHI and XbaI (bcl-6) and BamHI and EcoRI (c-myc). Additional restriction enzymes for IgH rearrangement studies were employed if necessary. Digestion was done with 10 to 20 U/g DNA of restriction enzyme for 4 hours. Blue sucrose was added to samples that were then loaded on 0.5 to 0.7% agarose gels and electrophoresed for 16 In some cases, a manual method was used for these antibodies. CD3 was used manually at a titer of 1:250 and with protease but no microwave pretreatment. No pretreatment was used for the manual CD20 stains. See d for manual bcl-2 pretreatment. b Microwave pretreatment was in 10 mM citrate at pH 6.0 for 15 minutes followed by 30 minutes to cool. c Normal human serum (3%) was added to the anti-CD138 antibody during incubation. d Manual method included microwave pretreatment in 10 mM citrate, pH 6.0, 2 ϫ 5 minutes followed by 60 minutes to cool. e Microwave pretreatment in 1 mM EDTA, pH 8.0 2 ϫ 5 minutes followed by 60 minutes to cool.
PCR studies were performed in 25 or 50 L reaction volumes by adding 100 to 300 ng of DNA to a PCR master mix consisting of buffer, magnesium chloride, dNTPs, appropriate primers (framework III and consensus J mix for IgH, bcl-2 mbr region, and consensus J mix for bcl-2) and 1.0 U/reaction of Taq polymerase (Roche Molecular Systems). After 5 minutes of denaturation at 95°C, for IgH PCR the mixture was then subjected to 35 cycles on the thermocycler (95°C for 15 seconds, 52°C for 20 seconds, 72°C for 30 seconds) followed by an additional 5 minutes extension at 72°C. After 5 minutes denaturation at 95°C, for bcl-2 PCR the mixture was then subjected to 35 cycles on the thermocycler (95°C for 15 seconds, 60°C for 20 seconds, 72°C for 30 seconds) followed by an additional 5-minute extension at 72°C. Samples were then run on 8% acrylamide (IgH) or 2% agarose (bcl-2) gels and stained with SYBR Green (IgH) or ethidium bromide (bcl-2) (Molecular Probes, Eugene, Oregon) before photographing. MspI digests of pBR322 (New England Biolabs, Inc., Beverly, MA) were used as molecular mass standards.
Statistical Analysis
2 test was performed using StatView 4.5 (Abacus Concepts, Berkeley, CA, USA).
RESULTS
Follicular Lymphoma (FL)
All FL were CD20-positive with variable numbers of admixed small CD3-positive cells. All FL tested were also bcl-6-positive with all but two CD10-positive and all but three bcl-2-positive ( Figure 1 ) (Tables 2, 3 ). The CD10 negative cases were both of grade III and the bcl-2 negative (2) or equivocal (1) cases grade II or III. None were CD138-positive, although positive plasma cells were seen in some cases. One FL, grade III, did show extensive cytoplasmic staining that was of uncertain significance. In 21 evaluable cases, flow cytometric determination of CD10 was the same as the immunostain evaluation (19/21 positive). 
The extranodal lymphomas were from the retroperitoneum, skin (left deltoid), and soft tissue (right neck). R, clonal rearrangement.
a One of the two negative cases showed equivocal staining. b One had extensive cytoplasmic CD138 positivity. c Only includes results for cases with documented immunoglobulin heavy-chain rearrangement.
Bcl-6 showed nuclear staining usually on at least 80% of the cells (others Ͼ 50 to Ͼ 70%) with several cases showing greater staining in the follicles than in the interfollicular areas. B5 fixed sections tested in two cases showed weak staining in one and stronger staining in the other.
Bcl-2 gene rearrangements (R) were identified in 8/14 FL (4/5 GrI, 3/6 GrII, and 1/3 GrIII) (Tables 2  and 3 ). All of the rearranged cases had a classic FL phenotype; however, only one case lacking bcl-2 was studied. Bcl-6R were found in 2/12 FL, both bcl-6Ϫ, CD10Ϫ, and bcl-2-positive, nodal, grade II and including one case that also had a bcl-2R.
DLBCL
All DLBCL were CD20-positive with variable numbers of admixed small CD3-positive cells. Bcl-6 was positive in all but three tested cases (93%) with CD10-positive cells in 26/42 (62%) and bcl-2-positive cells in 34/42 cases (81%) (Figure 2 ; Tables  4 and 5 ). All combinations except for a triplenegative phenotype were identified with the most common phenotype bcl-6ϩ, bcl-2ϩ, CD10ϩ followed by bcl-6ϩ, bcl-2ϩ, CD10Ϫ, and bcl-6ϩ, bcl-2Ϫ, CD10ϩ (Table 5) . No significant differences were found for these markers between the nodal and extranodal cases. CD138 was positive in three extranodal cases that were also bcl-6, bcl-2, and CD10-positive. In two, the positivity was patchy, whereas the bcl-6 positivity was throughout (same patient), and in one, the CD138 positivity was mostly outside of the vaguely nodular areas where there was little bcl-6 staining. In 29 evaluable cases, flow cytometric determination of CD10 was the same as the immunostain evaluation (17/29 positive).
Bcl-6-positive DLBCL usually had more than 70 to 80% positive nuclei, although some had fewer (Ͼ20 to Ͼ50%). Staining in B5 fixed sections was sometimes weak with repeated staining in formalin-fixed sections stronger (data not shown); however a formalin-fixed block was available in all but one of the negative cases. CD10ϩ cases usually showed staining on the vast majority of cells. Bcl-2ϩ cases also usually showed staining of the vast majority of cells, although in four positive cases only, more than 20 to 30% of the cells were stained; in one case, only focal areas showed positivity. Negative cases did have some positive cells, at least many of which may have been T cells.
Bcl-2R were identified in 5/27 cases including nodal and extranodal cases (Tables 4 and 5 ). All tested were bcl-6ϩ. Three of four were CD10ϩ (3/14 CD10ϩ versus 1/10 CD10Ϫ) and 4/5 bcl-2ϩ with the bcl-2Ϫ case showing equivocal but probably negative staining (4/19 bcl-2ϩ versus 1/7 bcl-2Ϫ). None tested were CD138-positive. The phenotypic differences were not significant although the numbers are small. Bcl-6R were found in 7/20 extranodal cases and 0/6 nodal cases (P ϭ .09). All were bcl-6ϩ, 4/7 CD10ϩ (4/14 CD10ϩ versus 3/10 CD10Ϫ) and all but one bcl-2-positive (6/18 bcl-2ϩ versus 1/7 bcl-2Ϫ) ( Table 5 ). None of these phenotypic differences for bcl-2R or bcl-6R were statistically significant.
DISCUSSION
The vast majority of malignant lymphomas composed of large transformed B cells are now categorized as DLBCL in the REAL and upcoming WHO classifications, with mediastinal, intravascular, and primary effusion lymphomas the only recognized subtypes (1-3) . Nevertheless, it is well known that DLBCL are a biologically and clinically heterogeneous group of lymphomas. DLBCL may be composed of LNC/centroblastic (CB) FCC, immunoblasts or other types of transformed B cells that are even more difficult to define. Many DLBCL diagnosed as LNC/CB lymphomas often had little objective evidence of a FCC origin. Recent studies have once again suggested that immunoblastic lymphomas are more aggressive than other DLBCL (4, 5) ; that those with bcl-2 protein expression are more aggressive (33, 46 -49) ; that those with a FCC pattern of gene expression do better than those with an activated B-cell phenotype (44) ; and that bcl-6R may identify a clinically distinct group (37, 40, 41, 50) .
DLBCL, as well as FL, were therefore analyzed using a series of antigenic and oncogenic markers associated with follicular or postfollicular differentiation, associated with FL or previously used to subdivide DLBCL in an attempt to better determine how many DLBCL have phenotypic and genotypic features characteristic of FCC lymphomas and to compare the different markers. Other studies have used these markers alone or in limited combination to study either DLBCL in general or in specific patient subsets. More than 40% of the DLBCL studied here expressed a bcl-6ϩ, bcl-2ϩ, CD10ϩ phenotype identical with that found in the vast majority of the FL plus an additional 15% of the DLBCL lacked only bcl-2. Even more striking, like all the FL, more than 90% of the DLBCL expressed bcl-6. Bcl-6 (B-cell lymphoma 6, also known as bcl-5 and Laz3), a Pox virus and zinc finger sequence-specific transcriptional repressor that recruits a repressing complex, is necessary for the development of germinal centers (51) (52) (53) (54) (55) (56) . Bcl-6 expression is found in normal follicular center cells but not in mantle cells, most marginal zone cells, or other pre-or postfollicular B cells (25, 52, (57) (58) (59) (60) (61) . Bcl-6 is also expressed by some cortical thymocytes, about 10% of intrafollicular T cells, and fewer than 0.5% of interfollicular CD4ϩ T cells (60) . FL are uniformly bcl-6ϩ, as supported by this study (39, 58, 60 -62) . The finding here of bcl-6 expression in a very high proportion of DLBCL suggests, therefore, that most are of FCC origin, consistent with some other studies (60, 63) . Others also report the majority of DBLCL to be bcl-6ϩ but with a smaller proportion of positive cases (39, 64) . The The extranodal sites included the following: soft tissue (orbit, neck-3, temporal, abd)-6, thyroid-3, bowel (1 large and 1 small)-2, salivary gland-2, skin-2, soft tissue/bone and periosteum-2, tongue-2 and one specimen each from bronchus, conjunctiva, groin mass, kidney, liver, maxillary sinus, nasal mass, skeletal muscle (arm), soft palate, sphenoid, spleen, stomach, testicle, and vocal cord. R, clonal rearrangement. a One case considered negative showed equivocal staining. b Only includes results for cases with documented immunoglobulin heavy chain rearrangement. unexplained lack of many immunoblasticappearing cases in our study may have resulted in the high proportion of bcl-6ϩ cases, because bcl-6 positivity is reported to be less frequent in immunoblastic than in LNC-type DLBCL (39) . Among the HIV-associated lymphomas, the bcl-6ϩ/CD138Ϫ phenotype was also associated with those of large or small noncleaved cell type and considered to be indicative of a FCC stage of differentiation (25) . The lower proportion of bcl-6ϩ DLBCL in some studies also may be explained by technical factors such as artifactual negativity caused by slides sitting out exposed to light for several weeks or the specific antibody used, because the PG-B6 clone may stain cases that are negative using a P1F6 clone (39) . As seen here, both nodal and extranodal DLBCL have similar proportions of bcl-6ϩ cases (39) . Bcl-6 mRNA overexpression also clustered with the other germinal center cell markers identified in the DNA microarray study of DLBCL; however, this study would suggest a much lower proportion of FCCtype DLBCL than immunohistologic bcl-6 studies such as ours (44) . Bcl-6 mRNA levels, however, are not equivalent to bcl-6 protein expression (as measured here), because germinal center B cells have much greater levels of bcl-6 protein than resting B cells even though they have similar mRNA levels (65). With occasional exceptions, the following non-FCC lymphomas are bcl-6 negative: mantle cell, marginal zone lymphomas of splenic and nonsplenic types and small lymphocytic lymphoma (59, 62) .
The other major type of B-cell lymphoma reported to be frequently bcl-6-positive is the "high grade MALT" lymphomas (64, 66, 67) . However, these are genotypically distinct from low grade MALT lymphomas, are considered DLBCL in the REAL/WHO classifications and many may represent FCC lymphomas. MALT lymphomas with a high-and low-grade component have also been described where the bcl-6 expression is only in the high grade component (64) . This might reflect transformation in follicles in which the neoplastic cells also acquire a more FCC-like phenotype. The suggestion that persistent bcl-6 expression to the plasmacytoid stage of differentiation might follow bcl-6R (42) also raises the possibility that some bcl-6ϩ neoplasms could be postfollicular in origin. Bcl-6 positivity is also found in the "L and H" cells of nodular lymphocyte predominance Hodgkin's lymphoma, in Reed-Sternberg cells in approximately 30 to 42% of classic Hodgkin's lymphoma and in almost half of anaplastic large-cell lymphomas of T or null-cell type (68 -70) .
Consistent with the cases reported here, bcl-6R or 3q27 translocations are usually reported to be present in ϳ25 to 33% of DLBCL and reportedly are more often found at relapse (68%) than at diagnosis (14%) (28, 30, (35) (36) (37) (38) (39) (40) (41) (42) (43) . These translocations occur in the 5Ј flanking region of the gene leaving the coding sequence intact but with the regulatory sequences replaced by heterologous promoters, which leads to deregulated bcl-6 expression (36, 42, 52, 71, 72) . Although most commonly associated with translocation to different loci in the immunoglobulin heavy-chain gene, the rearrangements are promiscuous with a variety of partners (41, 42, 73) . Cases with 3q27 abnormalities do not necessarily demonstrate a bcl-6 rearrangement using Southern blot analysis and almost half of cases with molecular evidence of such a rearrangement in one study did not show cytogenetic evidence of a 3q27 abnormality (36, 37, 73) . As in one FL in this study, occasional FL and DLBCL have rearrangements of both bcl-2 and bcl-6 (33, 39, 41, 43) . Coexisting bcl-6 and c-myc rearrangements or bcl-6, c-myc and bcl-2 rearrangements in DLBCL are also reported (33, 37, 40, 74) .
Bcl-6 translocations are considered an oncogenic event (33, 53) . It has been suggested that the bcl-6 protein "induces lymphomas by regulating the expression of key downstream target genes." (53) and that the translocation may be lymphomagenic by leading to abnormally persistent bcl-6 expression The bcl-2R-positive case was bcl-2ϩ, CD138 equivocal and bcl-6 and CD10 staining could not be tested. One of these cases considered bcl-2R-negative showed a weak mcr rearrangement by Southern blot analysis but it could not be confirmed by polymerase chain reaction. Bcl-6R were identified in 0/4 additional cases.
b In one case, the bcl-6 staining was mostly in CD20ϩ CD10ϩ vaguely nodular areas that included multilobate cells and the CD138 positivity was in the intervening areas that were mostly bcl-6 negative, mostly CD20 negative and showed only some CD10 positivity. Bcl-2 staining was more marked in the latter areas also. A bcl-6/CD138 double stain did not demonstrate any definite double-stained cells (data not shown). In the other two cases, the bcl-6 positivity was uniform and the CD138 staining patchy.
c One case considered negative showed equivocal bcl-2 staining. d Only includes results for cases with documented immunoglobulin heavy chain rearrangement.
which blocks B-cell differentiation in the germinal center (42) . Internal deletions in the bcl-6 gene can also lead to deregulation of bcl-6 expression (75). Bcl-6 translocations do not further clarify the cell of origin of DLBCL. Similar to the 17% found here, bcl-6 or 3q27 translocations are also reported in 0 -19% of FL with a higher proportion reported in FL of mixed (27%) or large cell type (30 -40%) (28, 35, 36, 38, 41, 76) . The proportion of DLBCL with a bcl-6 translocation is therefore very similar to the proportion in FL with more numerous LNC/CB. Bcl-6 translocations, however, are not restricted to FCC lymphomas (77, 78) . They do not correlate with bcl-6 expression nor do they appear to correlate with CD10 expression (25, 39, 57, 59, 60, 63) . Whether bcl-6 translocations are a favorable prognostic indicator is controversial (30, 33, 37) . Some but not all authors report an association with extranodal DLBCL (37, 40, 41, 50) .
Bcl-6 mutations are also of interest because they are considered indicative of follicular/postfollicular differentiation in normal as well as neoplastic B cells (72, 79 -85) . Bcl-6 mutations are found in very few normal naive B cells or prefollicular mantle cell lymphomas but are present in ϳ33 to 50% of normal FCC and in about 40 to 50% of FL (and MALT lymphomas) (35, 80, 85) . Peng et al. have suggested that because the mutations are usually outside the motifs potentially important for transcription, they are not lymphomagenic (85) . It has also been suggested, however, that accumulating mutations in the bcl-6 regulatory region may be responsible, at least in part, for tumor progression, transformation of FL to DLBCL and the development of AIDSrelated lymphomas (79, 81, 84) . With the exception of primary mediastinal DLBCL, all other types of DLBCL, including those of nodal or extranodal type, show 40 to Ͼ 70% of cases with bcl-6 mutations, which is relatively similar to the 60% found in FL (35, 63, 79 -81) . This supports a follicular/postfollicular origin for many DLBCL, and intraclonal heterogeneity in 1/3 DLBCL is consistent with at least some showing FCC-like ongoing somatic mutation (84) . CD10 (common acute lymphocytic leukemia antigen) is a cell surface metalloproteinase that reduces cellular response to peptide hormones and is found on neutrophils, B lymphoblasts, some T lymphoblasts, normal FCC, and some nonhematopoietic cells (7, 8, 10, 12) . Reported CD10 expression in FL has varied widely with most reports describing about 60 to 90% positive cases (7, 9 -11, 13) . DNA microarray analysis also confirms the association of CD10 with other germinal center cell associated genes (44) . The observation of CD10 expression by 62% of the DLBCL studied here further supports a FCC origin for many of the cases and, as suggested by the bcl-6 results, may be an underestimate consistent with the fact that not even all FL are positive. Others have reported up to 56% of DLBCL to be positive (7, 10 -12, 60, 86, 87) . Whether the few CD10ϩ cases lacking bcl-6 are truly of FCC origin cannot be determined because CD10 expression is also found in other non-FCC B-cell neoplasms including myeloma/plasmacytomas (12) . Bcl-2 rearrangement is reported to be more common in the CD10ϩ DLBCL although not restricted to such cases, further confirming the observation that CD10 expression by itself will underestimate the proportion of DLBCL that are of FCC origin (32, 86) .
Bcl-2, an antiapoptotic protein, is present in many normal B and T cells; however, most normal FCC lack bcl-2 protein even though they contain abundant bcl-2 mRNA (14, 15, 21, 88, 89) . One of the most characteristic feature of FL is the presence of a t(14;18)(q32;q21) reciprocal translocation that involves the bcl-2 gene on chromosome 18 and the immunoglobulin heavy chain gene on chromosome 14 (22, 26 -29) . Using a variety of methodologies, it is found in most studies in about 60 to 80% of FL with a higher proportion identified in small cleaved FL than in FL with more numerous LNC/CB (22, 26 -29) .
FL not only show genotypic abnormalities involving the bcl-2 gene but, in contrast to normal follicles, frequently express the bcl-2 protein. Bcl-2ϩ neoplastic follicles are present in most, but not all, FL with a t (14;18) and are also present in a minority that lack the translocation (14 -24, 29, 39) . Most authors report at least 80% of FL to be bcl-2-positive with a majority of cases showing the most intense staining in the neoplastic follicles (14 -24) . Grade I FL are the most likely to be bcl-2ϩ (generally 90 to 100%), whereas those with more LNC/CB are often reported to be positive in a variable but somewhat lower proportion of cases (generally about 50 to 90%) (14 -24) . Even when positive, these latter cases usually show much greater staining of the small cleaved cells compared with the weak or negative LNC/CB (20, 29) . Bcl-2 expression, although characteristic of FL, is not a specific marker for FCC neoplasms, because it is expressed by many normal lymphocytes and by many other nonHodgkin's lymphomas that are not of FCC origin and that lack a t(14;18) (14, 17) .
Bcl-2 protein was identified in 81% of the DLBCL studied here. Some authors report a similar proportion of positive cases and others less than 50% (14, 16, 24, 39, 46 -48, 60, 86, 90, 91) . Bcl-2 expression does not correlate with either bcl-6 staining or with CD10 expression and is not useful in assessing whether a DLBCL is of FCC origin (39, 86) . Bcl-2 was expressed by neoplasms with evidence of some postfollicular differentiation and failed to be expressed in some cases with strong evidence for a FCC origin. Consistent with this, bcl-2 expression does not correlate with immunoblastic versus LNC/CB differentiation (39) . Furthermore, little or no bcl-2 expression may be present even in DLBCL with bcl-2 translocations, perhaps because of mutations in the bcl-2 open-reading frame (33, 47) . It is of interest that the frequency of bcl-2 expression in DLBCL is similar to grade III FL. Several studies have reported much more frequent bcl-2 expression in nodal compared with extranodal or specifically "high-grade MALT" lymphomas (39, 90, 92) . This correlation was not identified here perhaps because a nodal origin for lymphomas present in biopsies of extranodal sites was not rigorously excluded. Bcl-2 expression is of practical importance because it has been reported to be an adverse prognostic indicator in DLBCL (33, 46 -49) .
In contrast to bcl-2 protein expression, the more specific t(14;18) is found much less frequently in DLBCL than in FL (22, 26 -34) . The reported frequency of bcl-2 translocations in DLBCL varies widely from less than 10 to ϳ40% with variables including technical ones as well as the recognition that DLBCL that represent transformation of a preexisting FL will have a higher proportion of bcl-2 rearrangements than those without such a history (83 versus 17%) (22, 26 -34) . It should also be recognized that sensitive techniques also demonstrate that about half of normal adults have cells in their blood, tonsils, or spleens with bcl-2R, and conversely, genotypic studies using PCR and even SBA will miss varying proportions of cases with a cytogenetically documented t(14;18) (29, 47, (93) (94) (95) .
DLBCL with t(14;18) did have phenotypic features further supporting their close relationship to FL including bcl-6 positivity in all the cases we examined and bcl-2 and CD10 expression in all but one. Others have reported bcl-6 negative cases that could represent technical differences or suggest that either bcl-6 negativity does not completely rule out a FCC origin or that t(14;18) in isolation does not necessarily indicate a relationship to a FL (39) .
The findings in this and other related studies clearly support that many DLBCL are of FCC origin even though they lack the FL-associated bcl-2 translocation. This observation is consistent with the fact many DLBCL do not arise in the setting of a prior FL. The lower frequency of bcl-2 translocations is also found in FL with more numerous LNC/CB (27) . Explanations for the bcl-2 expression in DLBCL of FCC origin that lack the translocation may also help explain their pathogenesis. One such explanation is that 11 to 31% of DLBCL show highlevel amplification of 18q21-21 or bcl-2, with one study reporting this amplification specificially in cases with high levels of bcl-2 protein that lacked a t(14;18) (34, 91, 96, 97) . Somatic mutations of the bcl-2 gene also occur and might lead to aberrant bcl-2 expression in these cases (91) .
The literature is contradictory as to the frequency of bcl-2R in nodal versus extranodal lymphomas (30 -34) . Several studies have suggested rearrangements to be much more common in nodal cases with an absence in stage I DLBCL (31, 33) . Some DLBCL such as those of primary cutaneous type are reportedly uniformly bcl-2R negative (98) . Most authors report that the presence of a bcl-2R in DLBCL does not have prognostic implications (33, 37, 40, 47, 48, 91) . The negative impact reported by some in DLBCL might reflect inclusion of more cases that represent transformed low grade FL (91) .
CD138, syndecan-1, is a plasma cell-associated transmembrane heparan sulfate proteoglycan that is a low-affinity receptor for basic fibroblast growth factor and extracellular matrix components (99, 100) . In addition to plasma cells, CD138 is expressed by pre-B cells, postfollicular immunoblasts, a subset of classic Reed-Sternberg cells and some epithelial cells (25, 70) . As noted above, CD138 and bcl-6 expression have been used to classify AIDSrelated lymphomas into a germinal center type (Bcl-6ϩ/CD138Ϫ) and into a postgerminal center type (Bcl-6Ϫ/CD138ϩ, immunoblastic, plasmacytoid, and primary effusion types) (25) . A small number of cases were bcl-6 and CD138 negative as also observed in our study of non-AIDS associated DL-BCL. The vast majority of cases in our study were bcl-6ϩ/CD138Ϫ (FCC phenotype) with CD138 expression found only in a minority of DLBCL. Both patients with CD138 expression also had bcl-6 expression. One of these cases suggested differentiation from FCC to postfollicular cells and the other appeared to show expression of both antigens in the same areas with CD138 on a subset of the neoplastic cells. Whereas CD138 and bcl-6 expression in the same case is not described in the AIDSrelated lymphomas, a subset of classic HD demonstrate both bcl-6ϩ/CD138Ϫ and bcl-6Ϫ/CD138ϩ Reed-Sternberg cells (70) . CD138 and bcl-6 when both present were reported to be mutually exclusive (70) .
It is unclear why our unselected series contained so few DLBCL with a postfollicular phenotype. These findings, however, were consistent with the morphologic observations that very few cases appeared immunoblastic. The finding of some immunoblastic-like cases having a FCC phenotype or genotype has also been reported by others (25, 39) . DNA microarray analysis with gene expression profiling suggests that about half of DLBCL have a germinal center-like pattern and the others a prognostically adverse pattern more like in vitro activated peripheral blood B cells (44) . How these extensive mRNA profiles would correlate with the findings in a study such as this remains to be determined.
Studies of immunoglobulin (Ig) gene mutational status have also been used to investigate DLBCL because prefollicular B cells have nonmutated immunoglobulin genes and follicular and postfollicular B cells have mutated Ig genes, with ongoing mutations a characteristic, although possibly not completely specific feature, for FCC (101) (102) (103) . These genotypic studies further confirm that most DLBCL are of FCC origin with frequently mutated Ig genes often showing evidence of positive or negative antigen selection and ongoing mutations (80, 101, 104 -110) . The lack of ongoing mutations in some series may relate to their being studied mostly at relapse after therapy induced "clonal narrowing" (101) . Some mutated cases, however, are consistent with postfollicular B-cell neoplasms as would be expected from this and many other studies.
In summary, these studies, as well as many others, support the heterogeneity of the DLBCL and confirm that more than half have a phenotypic profile characteristic of normal or neoplastic FCC. The bcl-6 findings suggest a much a greater proportion with FCC features; however, this will have to be correlated with other more complex evaluations of FCC derivation. Even if of FCC origin, many DLBCL seem to have a molecular pathogenesis different from most grade I FL but possibly similar to a significant subset of grade II/III FL. The clinical implications for the different subgroups of DLBCL defined in this study remains to be determined.
